Purpose of this research work is to model and analyze the Store Carrying Rack (SCR) of a fighter aircraft with an objective to improve its aerodynamic performance. Refined and grid independent mesh is generated with a technique used for symmetric bodies. The different CFD technique, to capture the flow physics parallel and perpendicular to the wall of the rack, is implemented. It includes capturing the boundary layer, flow separation, vortices formation etc. Results, for the actual flight conditions of the aircraft, are acquired. The results were compared to identify the reason of modification in model. CFD results of racks were validated through Wind Tunnel Test of a scaled down model in a subsonic Wind Tunnel. A new model is proposed having least drag among all the three models. Sears-Hacck volume distribution is the datum for modification in shape. The new proposed model SCR-9AB is recommended for the future shape modification of SCR.
NOMENCLATURE

INTRODUCTION
Store Carrying Rack (SCR) is a component of aircraft that is installed under the wing of aircraft. It can carry three separate payloads on three different stations at a time. The particular rack which is being analysed in this research is capable of carrying payload up to 1000 lbs. on each station thus summing up the total capacity of 3000lbs for SCR. The old model of SCR was named Store Carrying Rack-9. The technological advancements in research and technology have forced the manufacturers to upgrade the shape of the model. So a modified shape of the model is designed and manufactured that is known as Store Carrying Rack-9A.
The new shape of the SCR is more aerodynamic and its avionics system is also upgraded. This research work includes only the aerodynamic study of the SCRs. The flow properties will be enhanced by the new SCR-9A as compared to SCR -9.
The rack is studied in order to identify the basic reason of modification in shape of the model. The aerodynamic analysis to calculate the aerodynamic parameters is part of the research. CMM machines are used for the acquisition of coordinates of any model and that traced data is plotted to obtain the CAD model. For this research work the methodology incorporated is to get the coordinates by the Laser CMM. For this purpose the whole model of SCR was meshed and then the coordinates were measured using the Laser CMM. The technique employed in this was to keep the x coordinates constant and make contours from y and z coordinates. This will help in obtaining curves that can be protruded. This is the basic technique of obtaining a CAD model from the point clouds or data points.
The data points were imported in the software and then were used to make curves. The curves look like as shown in "Fig 1. "
Fig. 1. Curves from Data Points.
These curves can easily be loft protruded. The lofted protrusion goes along with the defined path and creates a smooth body joining all that curves. Thus a smooth body is created by this method. The final shape obtained using this method is shown in "Fig 2. " 
MESHING
Since the computer recognizes only numbers, we have to translate our geometrical and mathematical models into numbers. This process is called discretization. The process of grid generation is in general complex and requires dedicated software tools to help in defining grids that follow the solid surfaces. (ICEM Theory Guide)
The results of a CFD simulation and its accuracy dependents on the grid properties and quality (FLUENT Theory Guide). Once a grid is available, we can initiate the second branch of the discretization process, namely the discretization of the mathematical model equations. (ICEM Theory Guide)
The purpose of meshing is to decompose the solution domain into an appropriate number of locations for an accurate result. A mesh divides geometry into many elements. These are used by the CFD solver to construct control volumes.
More elements require more computational resource (memory and processing time). Balance is usually required while performing the mesh optimization. This type of balance is known as Grid independence. It is very substantial procedure and forms up the base for solution initialization. (Gerasimov 2006) After SCRs CAD modeling, the geometries were imported in meshing software and then meshing parameters were defined. Due to complex geometry, unstructured mesh was grown with the patch independent scheme of ANSYS®. Some of the meshing techniques used include the tetra width ratio of ANSYS (ICEM Theory Guide). It creates very fine mesh closer to the body of the object and increases the size of mesh with ratio mentioned in the tetra width ratio box. So it reduces the mesh and thus saves computational power required for CFD simulation. This can be viewed in the volume mesh as shown in Fig.6 
Fig. 6. Tetra width ratio.
Another technique used in the meshing is the curvature and proximity based refinement of the mesh (ICEM Theory Guide). Curvature/Proximity Based Refinement when enabled, the mesh is automatically refined based on geometry curvature and proximity. This will result in larger elements on flat planar surfaces and smaller elements in areas of high curvature or within small gaps. (Cheah et al. 2009) Meshing parameters were defined and mesh was generated. This mesh formed was of smaller size near to the rack body and larger size in the rest of domain. This is required in order to capture flow accurately near to rack body and while rest domain flow can modeled with larger size mesh. The volume mesh and meshed domain obtained using the above techniques and parameters are shown in " Fig Grid independence test was carried out to get a solution independent of the grid (Cheah et al. 2009 ). For that a sequence of simulations was carried out and results were obtained as shown in Table 1 and Table 2 . So the optimum grid size obtained by the grid independence study is shown in " Table 3" . 
CFD RESULTS
CFD simulation results are the pith of CFD research (Moser et al. 1987) . Parameters for CFD simulation were defined and the boundary conditions were set according to the flight conditions of aircraft. The turbulence model is the first thing to be decided that depend on the mesh of the model. For this reason, for all further analysis k-ε (realizable) turbulence model is used (CHOW et al. 2005 ). The reason is that S-A model does not provide very good results for coarse meshes since it is originally a lowReynolds number solver. k-ω (SST) is also not used because of its demand of very low y + value that is ≈1 range. So we cannot achieve this value for the restricted range of mesh size. Furthermore, k-ε (realizable) accurately predicts the spreading of round and planar jets, improved performance for streamline curvature, rotation and vortices. So it is decided to use the k-ε (realizable) (CHOW et al. 2005) .
Explicit formulation, for the temporal discretization, and first order upwind scheme, for the spatial discretization, is used. A fine, grid independent mesh, was selected for the final simulation and results calculation (Carlson 1998) . Boundary wall types of domain were defined as pressure outlet except inlet and roof. This is done to simulate actual flow condition for the case. (FLUENT User guide)
The results obtained are shown in the Fig.11 and  "Fig 12" . The wake region formation and the vortices formation behind the body is captured well by the mesh. It is shown in Fig.14 that flow separates at the rear of the body forming vortices. Similarly the Fig.15, Fig.16 and Fig.17 The pressure contours over the body of SCRs shows the location of high aerodynamic loads. The SCR-9A loads shows that it is more aerodynamic as compared to SCR-9 as pressure is not increasing abruptly. So the pressure drag is lower for SCR-9A as compared to SCR-9 that is the major factor of aerodynamic drag in blunt bodies (FLUENT User guide). The representations of above are in Fig.18 and " Fig.19 ". 
VERIFICATION OF TURBULENCE MODEL
y+ of the mesh is the major player in deciding the turbulence model of the CFD (FLUENT User guide). As the Fig.20 is clearly depicting that y+ is lying in 30 to 90 so that is the ideal range for the selection of k-ε (realizable). So the turbulence model incorporated is the k-epsilon mode (CHEAH et al. 2009) (BEHNIA et al. 2003) (CHOW et al. 2005) . So the verification, of using correct turbulence model with the mesh, is done.
EXPERIMENTAL VALIDATION
The experimental validation of the CFD result is a coercion. By this the error in the CFD results can be determined or deviation from the actual values can be sought. (Bushnell 2006) . 
G-Coding and Fabrication
For the fabrication SCR-9A was selected due to ease in fabrication for its simpler shape compared to the shape and contours of SCR-9.
For the G-code generation, the CAD model is imported to the software. The G-code converts the machining operation into the machine language. It also auto-selects tool for the cutting purpose. For the model of rack tools used were end mill cutter, ball mill and bull mill (Bilal et al. 2013) Once the code is generated then comes the selection of material for fabrication and scale selection which depends upon the capacity of the wind tunnel test section. For material the cost effective model was sought (Bushnell 2006) . The least cost material available and used in test of wind tunnel is wood. So seesham wood was selected and the half scale down model was decided for test keeping in view the capacity of the wind tunnel test section that is 2x3 ft. cross section with 6 ft. length shown in" Fig.21 ".
The final shape of the fabricated model of the rack was achieved after continuous machining of 24 hours on CNC lathe including 10 hours for surface finishing operation. The final shape obtained is shown in Fig.22 . (Bilal et al. 2013 ) 
Wind Tunnel Testing
After the calibration of balance of wind tunnel was done the model was mounted on the supports of the wind tunnel. (Bilal et al. 2013) These values were calculated and the correction factors were applied before the final result. The values of correction factors are given as in Table 4  and Table 5 . CFD for the racks are done for zero degree α configuration only. A scaled down CAD model was assigned the actual boundary condition of WTT and two turbulence models were used for the problem solution. They are SA and k-ε (realizable). The results were compared for α=0°. The results are shown below in Table 6 . Drag is the parameter selected for the comparison of the results of CFD and WTT. Results for the CFD of two turbulence models, SA and k-ε (realizable), are shown in Table 7 . 
Comparison
The comparison of the results obtained by CFD and WTT is done in " Fig. 23 ".
Fig. 23. Comparison of WTT and CFD results.
The comparison shows that the k-ε (realizable) is giving more accuracy in results as compared to the SA model results. This comparison shows that the k-ε (realizable) is more accurate than SA so that is why we can use it for the analysis of the complex geometries and where the boundary layer calculation is of secondary importance. (CHOW et al. 2005) The k-ε (realizable) model can capture the boundary layer, vortices, rotation and complex secondary properties of flow quite well as compared to the SA model so for complex geometry especially in transonic and supersonic regime it is advised to use this model. (CHOW et al. 2005) Our CFD results are very close to the experimental results so that is why it is firmly concluded that the CFD of the model is correct.
The wind tunnel test was also carried out for different configurations of speeds as well as α. The results for the configuration of speed as 90mph is shown in Table 8 . Similarly the values for the next three configurations of speeds are shown in Table 9 , 10 and 11. 
Conclusion on Wind Tunnel Testing
The curves plotted for the particular speed shows that as α is increased the lift and drag value increases. This is indication of the fact that SCR-9A is a good aerodynamic-shaped body with its lift increasing with α. So when installed under the wing of the aircraft it will support the forces of wing. (Bilal et al. 2013) The L/D curve shows that it is in perfect accordance with the aerodynamic bodies so the interference of forces of rack with that of wing force will be positive (Bushnell 2006) i.e. rack aerodynamic forces support the aerodynamic forces of wing. The drag polar will be further supported by the rack forces.
The curve for α=0º is plotted against different speeds and compared as shown in Fig. 27 .
Fig. 27. Comparison of drag at 0º.
This shows that at very low Mach no the flow is attached to the rack body and thus pressure drag value is less but as the speed is increased the flow separation causes a large value of drag that is indicated by Fig.27 (Blackwell 1969) .
GEOMETRY OPTIMIZATION
Keeping in view the latest design optimization for the aerodynamic bodies in world, need arises to design a more aerodynamic shape of SCR. Usually the SEARS HACCK body design is used to achieve minimum drag design. SCR was modified to achieve a shape that has minimum drag keeping in view the Sears Hacck body as our datum. For this purpose to obtain aerodynamic SCR shape, a volume distribution shown below in " Fig.28 " was imitated. 
CFD Results
After the CAD modelling of SCR modified models, the grid independent meshes were analyzed under the actual flight conditions. For setup, the turbulence model used was k-ε (realizable). The results obtained are shown in "Table 12 ". 
Comparison
The comparison of CFD results shows, in " Fig.31 , that the model of SCR-9AB proposed is the best in all four models and can be selected for the future modification and manufacturing. The Sears Hack Body approximation on the model has not only reduced the drag force but also increased its lift value. So it is proposed for the modification in design of SCR. 
CONCLUSIONS AND RECOMMENDATIONS
This research study clearly aggrandizes previous studies that for complex flow properties the k-ε (realizable) is more reliable as compared to the SA model. The reason being its modified equation for epsilon can capture vortices, rotation and also its standard function to capture the log-law region makes it quite accurate. This cogent argument comes from the results of wind tunnel test.
The model of SCR is changed because of the results of CFD as shown in comparison that its results for lift and drag for STORE CARRYING RACK-9A are much improved as compared to STORE CARRYING RACK-9. The commensurate results are in accordance with the shape of the racks. This research has persuaded the manufacturers to change the aerodynamic shape of SCR.
The new proposed STORE CARRYING RACK-9AB has least drag as given by the CFD results. This is the approximate shape obtained by convoluting the Sears-Hacck body volume distribution to that of SCR. This model is proposed for the future shape modification as eclectic option.
Wind tunnel data have helped CFD development tremendously during last four decades. Through continuous CFD validation of more and more challenging problems using wind tunnel data, confidence in CFD grows and so does the demand on the quality of wind tunnel tests. The congruity test of CFD results with WTT is a coercion. The research can also be done to, use CFD, help wind tunnel tests in respect of wall interference assessment and corrections, especially for the important transonic range, most relevant for current generation.
The early flow separation predicted in WTT is a proof of the fact that sears hacck approximation of the body of the rack can help in the delayed flow separation. This will reduce the pressure drag value and thus curbing the parasitic drag of the aircraft.
The diagram shows how CFD can be used for the tunnel corrections. This shows hoe the errors can be embedded in the wind tunnel calculations and thus the wind tunnel corrections can be made as well. 
